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InauatElal wapte^ s^ifageV etc.J ^ other poliutagts hav bi€nVlargily 
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nuclear wastes* Reaaens fq^ lack of puccees in vrettoving t 
oth^ r poll utanta include the following i (1) poliution cojntMl eMorta 
haye gone into solirlng those problens ijiich^ appeared most^sol^abier - 
C2| more public: expenditures h^tye Keen al^id at correiSdfclng prbblsas i 
which have technical solutions^ ind 0\ sottf inportatrt pellutaLrita 
cannot be controlled by any known technclcgies* AnalyEia of data , 
regarding pollutants indicates tha€ uncontrclled pollution exadts 
real costs on health and property and that cost*e£f€ctiv€ investiient 
in abatement equipiDent can yield nejtatrable rif t benefits* Ihe . 
conclusion that dontrjolllng pollutants will- require fordamental ^ 
chanqes in ll£e*styles and confiipn business practicesii (Author /DB) 
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elching imoktstacks are much' hdider to find pow than theyr? 
Were decade aga However, iht pollution problem did not 
end when it disapptared. Even as brogr^ii has been made in 
combalhng the moil viiible and eaiily cprtiroTled forrfli oipollutioh 
other pollutants have betrt largely ignored ' 

Not iurprisi^ly, the. princlpa^l ^pollulion^^ntror efforts have gone 
int9 solving thos| problems that appeared boit lolvable. Public poU 
. 'icy and pvipc^cxptnditur have beW atmM at corrfctlng problems 
that hdvi^leehrtfcal solution Deyiip haV* been attached to auto- 
mobile exhaust pipes, to industrial Ichimngys, to sewage pipes— all 
in an effort to remove certain pollutalnts frohi the effluent. The pol- 
lutants thus removed have not alwayi been [tKe most dangerdui? but 
they have been the most '\r€movable,"l For ex^mplt; the large particles 
ih industrial smokt are now roUtinely removed, but imall particulates 
;-*which are more hazardous , but ^^re difficult to contrd|-are still 
emitted in large duantilies. The -'loinnage" of pollution hag thus de- 
creased dramaHcally/a^ has* mvl^ibili^^ But much 0f the daneer 
:■ . remains^ / ' - .-'V^ ^ ^'"H ' 

■ ^^9^^^^jhitw is^ %imp way tb , control a particular pollutant 
exci pi by ,dimiwihlng the volume or intensity |of some human activi= 
ty; h^e, is hopchnical fix. For example, it ik not possible to burn 
fosi IJfutl^itktol pr^ a net increase In atmospheric carbon 
dio^^sCCTOah IPOOa IS to be controlled, fpssil fuel combustion must 
be feduced. TheT^harg^e ^of chlorofliorocarbon propellants 
spi^y cans cah te Kntrolled only by binningithe use of such sub- 
stances, as the United States has now aone^^^ 

At\thb heirt of the issue is the fundamental physicafVule that nothing 
Is ever consumed, jyiercury can be mined, transported^ proceisec^ 



I am rndftted to my colkague Chrlsiophtr Flavin fori his help wlih ihe re^arch for this 
paptr.: \ 



' uied> and discardfd, bul as much inercury ekists at the end of Int 
. proce^^ as al ihr beginning* The metal la limply in a dlffere nt pUcf/ 
0^ and perhaps in a different condition, than It was^before^ Pollution Is 
jhus sometimes defined as "resources out of ^placer'' Most of whit 

f>^ises for ponution _conl^ rmt recorver- fi^source aulsefull 

Of TtM if merely dliptac^s tKem further.? Afr pdllutanta arr often con- 
■ ' verted into water pollutahts or Into loltd wastei. Long-Hved radio- 
active wastes are isolated from this generation but It f t^ io haunt our 
descendiints,* ? . ^ \ v 

Such diipjacentent is generally better' than doing nothing,.bul the net 
resulting benefits are sometimes Bmall after alF costs; arejgpnsidtrid, 
For example, scrubbing sulfur dioKide irom the effluent 6f a 1,000- 
megawatt coaUfired power plant might require a capital investment 
■ lof llOO million, consume more than 3 percent of the electricity gen- 
- erated by the plant, and prdduce 40,000 cubic feet of sludge per day. 
Up to 90 percent of the sulfur dioxide ip the stack gases mayJ-be' 
remov^edr but the resultrng sludge could evtfjtually become'a serious 
source of water and ground pollution/ Microbial action on the sludge 
might ever) convert the sulfur Into hydrogen sulfide, thus mailing it : 
again a source of air pollution*^ A mountain of sludge from power-* 
pTa^t scrubbers may hold rnarked advantages over an" airshed toaded 
with sulfur dioxide; and ^uifales. Yet a mountain of sludge hardly ' 
■ / constitutes a iolutioni It mirely m betij 
traded for a persistent ill* /' ^ 

Such "technical fix" strategies niake economic sense in nibst casjis, 
Un<ontroHed pollution can entail subslaj\lial costs to' human health, 
physital property, agricultural production^ and so forth. These costs 
are often borne by histllutions and people who derive no benefit from 
the polluting^ prbcesses/, Occasionally;^ who pay the price do not 
even reside in the same\ nation as those who do .the polluting. When 
pQlIuters are forced to pay* for pollution control, the costt borne pre- 
. ^^ viously by outsiders are\internallEed in the prcMuctlon process. The 
■ expense of pollution cori^troL is then passed on to the consumer In 
higher prices for pr^ucts, effectively transferring to the consumer : 
the real costs that were previouily experieneed by the general'public 
as ill health and property damage * 



Unfor^njfcly, m.1ny of the costs and beneflti of pollution control 
d»fl|^^ to qHantlfy. The effects of pbllution on huhian hfallh 
and dn^^aperty are just beginning to be aiBesstd* Only scanty In- 
forrnalion Is available on the impact of pollution upon such natural 
"ffte^goodr as foresii and fiih, dlfhougMt Is iKoWn^lHSlWgt^^^ 
Ing #fecl8 can be very fcrlous, Forrfst growth Irt parts of Sweden and 
, California has.bteii reduced by nearly half; game fish have entlrdy 
disappeared from many lakes in the AflirondaCKs.^ 

- - • ■ ^ ' / [■/. -:■ r:. , ^- 

If little is known about the effects of pollution- upon nature's goods, 
even les^ is known aboipt its Impacts on nature's services. These 
servicei-including the degrdatlon of organic vyaste, iht flxatmri of' 
solar e;iergy, the maintenance of atmospheric igas balances, the cy- 
cling of nutrients-are essential to a healthy biosphert. Scientists have 
juit begun to examine the magnitude of these services, For eKamplej 

; they know that every . hectare of freeway built through ^San Berna^ 
dlno bastureland in California not only will Increase the production 
of tarpon monoxide from automobiles &ut also will reduce the jr^atural 
cqrbori=mdrtt>^ide rtmoval capacity by 440*kilograms per day: In the 
southeastern United StateB, a detailed calculation of the value of wet- 
lands as tertiary waste^water-treatment facilities and as fisheries 
concluded that each hectare cleansed as mufch water as could be 

- handled by $200,000 worthy of modern pollutlon-control equipment/ 
To ihe ej<tent that pollutio^' inhlbi^^ natural functions,, society 
siiffers a very real loss.* ' # 

VVhen a pollutant caUHes obvious harm to humans, the calculation 
"becpmei still more difficult. For escample, when a pollutant causes 
prenridlure hurhan deaths, wha* should (he price tag cover— the un- 
realized earnings of the dead people? Or the costs of hospitalization 
and health care prior to death? Is a healthy middle-agea executive 
worth more than an elderly asthmatic on welfare? Should a premium 
be cha^rged 'for suffering? For such questions, there are no good an- ' 
I swers, Yet decisions must be made. Esoplicitly oir Implicitly, regulators 
ihave asiigiKed ya|ues to the costs of pollution, and have mandated 
prious degrees of poUu lion control Pnly in this way can society de- 
termine;how'much control is enoiigh. 



Such ih approicli holdi np promise for pdllUUtiks that art fiol irrttftf' ' 
able to ttehniciil fM%. Mort lurprMhgtv^ It hift be^n Nihtr uns^Us^ 
factory for miny poUutinii that c^n be dontrolltd ivith c^rrtnt It*^^^^^ 
nology. f ime am agiiAK^ cdnlrollable con imne spf 1 har^ 

bftti toutKl to have act tMl^ieal impift thif Wii:ii0tantlbipiM 
thf moit pari, these occurrencei^ati bf ttaccd to 'p#ri(cular ehifac* 
teriitics oF the pollutants, that haa not been givl^n adeqMirte attonUpn 
vvhen the pdllution-abatcmirtt pdllClei were decldt d upon, \ % 

Sometimes ther|^i§ M ntystery about the harrrifui tfftcli of a pollu^' 
tant E^poiurr ro carbon monoxldlt front an automoblte exhaust pipe ^ 
.can cau^e brain damiigf and then death within a few^ minutes. It§ 
toxic quallti^f ari^^thus faiher obvloui, and iaftty ilandardi arr 
comparatively eaiy to establish. However, this is not always jhe ciie 
with . other pollutanti. Beryllium poisoning, for e^^ample/ has been 
,knoivn to occur decadei after the victims were eKpdied to lovv con- 
cenlrationi of the fnetal for brief periods of time/^ * 

This pnablem pdied by lag tinics is probably mosf common with 
regaTa to cancfr. Many earcinogfns take their toll dhly two or more 
decades after theitime of e^pasure, It is difficult to predict what the 
eventual impact ori humans will be through teits corvducled over 
biritfer periotis on other specles^ Many pQllutant§ flre very lorig-lived, 
with ^ome pdiing Ji danger for hunareds of Oiouf^ndf ofYyearsf or > 
even forever. The ill effects to be felt \h the distani future arc often 
severely discounted or even ignored by analyslB who make decisions 
with only the ^horl- term outcorne iri mind.* , J 

In assessing the impact of a particular pollirt^nt* an^ilysls lend lo 
ask only, "What dam^,^? vvill this pafticuUr anil of ppilution da?" 
But other pollutants la ihe air and wa|i^ may have a synergistic or % 
catalytic effect on the pn« un^er considerallpr^. >>nq ^H^ current dis^ 
charge is Just part pf a conslanl stream ihat^ over the years* rnay have a 
cumulative effect The announl of acid rain that strikes the Parthenon^ 
this year ts unlikely to cause unacceptable damage^ in the tourse of 
decades, however, the Structure coultt be severely defaced. In any one 
year, the carbon dloscide emitted by fossil fuel consuflipllon will have 
a negligible! effect upon the global climate; once emitted, hovyever, 



pdha taiib art vtty brg^^Uvid, 
. with MM Mtff^ A^Mf f f of 



much of the CQj wULrim^ln inMhe itmoiphfrf for i vt^y lo^ ilmi, 
and ifter i ftw decidfi enough couU buitd up tp CJUM^ramjtle 
anfrationi In fht lemptf^liire rainfall piUtrni of the Wflcl. ^ ' \ 

'^''^f^^ •^'^^ TOlluUifiii ihai a/f dlichargtd In diluit canctriirjllorii 
* fnid lilt gtnt fjM f nvironnirni art reconct nlratfJ by blol^icil iciiviiy. 
AnimaU that graze larg? areii, and esptciilly drginlimi iht lowif 
tnd of long food chains, ciin cofitributf grfitly to ihli blologkal 
amplification/ A cbw, for e^aflnplf, may grate over as mucK as 1,600 
squarf fett each day, Miny tracf contamihinis can build up In htr 
'mllfe in a rflillvely CQncenlraltd form. Since milk constltyles a largf 
fr^^Mon of tht ^iei of Irif^rtliv^nd childftn, such a pollution pathway 
can be particularljr pt r^idous..ih lomt caies^ the amouril of btologi- 
^al ampllflcalloFt can be quU? extTaordtnary. Ctami7oyitersrand other - 
mollui)0_ feed by filtering enormoui volumes of water,' and, while 
doln^thii, they icparate ^gme trace conlamlnants out of^ the water 
Same ffeihwatif molluskl can concentrate mangantsf by a factor of 
300,000 and chlorinate hydrocarbon IniecHcides by up to 70,000 
tirtiff. While humans, could drink the water wjthout suffering ill 
» fffect5, the ppiion§ conCentratrd In the fleih of thr ft!ol!uik§ can 
poie real dangers^* 

Thes^, ihen, are some of , th^ neglectid dimeniions of the pollution 
problem. They help to explairv why^ despite the fxpenditurt of hur\« 
dredi of blllioni bf dollars, ^ome^spectt of the environment hive 
periistently deteriorated. The i^iuei are neglect^ not became people ' 
are unaware oV them/ but beCjIuse they are m terribly difficult to 
addresi. w © ' \ 

tliey, must not be forKollcrL There ii a tendency in public ppllcy- 
fiia<sing to analyse in elaborate detail the pfoblem* that can be eatily. 
fiUved, and to pretend that the hard problems don't exi^l. Everything 
thai can be quantified is cranked into the equation; everything elie i% 
paid lip lervicc in the pteface, - ' ^ 

Inhere are several pollutants that are more worrisome-today than they 
were before the birth of* the environmental movement, Thry pose 
problems that tannot be easily resolved with filters iind ^rubbers, 



Yet 

making 



yet Ihty pmn Ihrfati loo grave ici \m ignored. All bf Inem have ^solti- 
tlonp, but 5tic)i ^oluiiantf cart enNil IfiipOfUfir ch^n^fi in ouf llv#f 



' Citbon Dlokktf i 

- ..^ - ■ ■■ t, - ■ - ■ — i 

t0^%M{if\ icirtibu^MtJtt ^Ivv^vfl ftdd^ iaib<»h dioxlda to the afftioiphffe. 
A t.c>CO-^mtg#witi ccjj^fircu power phni -emM carbon dio^cide at Ui« » 
file of about ifo kllagf^fUs per *€cofKl, m \6 meirlc \om a mlnuti, 
No ecofHimk^flv pl^Uiiblr wny iti i^pmre any significant fr^clbn of^^ 

C#Fbr?n dUniJt rji^ contHtute^^btJti^ ijO pirnK^r mniiart (pptTi), . 
tif O.DJ pefitr^tr af ih^ Atnio^phtr#= In pftindti^lfQtN|tni#!i, fht COj 
contf ntr^ilinn *v^^ tli#h 2W pprn. the level IcxJay l§ about 14 
peftent cjvef the prelfKluttfiil b^if By iht ye^r atnritifph^rlc / 

tifbon Jitiisiile \% cxpeclrd lu be 30 pertenl above th** 1^ ppm f\$- 
ijfr, and by 2020, if nirrfnl trencf^ conllniiep the prcindustfial level 
will h^vc*^ been doubled.*' S - 

Such J dramiiik intrciif* irt globjl CO^ will altmiit tertainly re^utl in 
M m^nili^m\ ,wmrfs\m uf the e^f ih & tflmti^phere. wilth nuriy #dverif 
tun^rqurnvr^ fur life It eji^i^. In ^ mmpf^Mmisy 1^77 

study, Emrgy and CUnml^, ilw U.b. NT^linnal Aca^erriy of Sciences 
tyntluJfd ihji tliimtk ton§ldffJti*ifti might fftjuife the pb^^ing 
^ cHit of fo^_*iil furl ii^r within the nrx ^ 

While uncerliiintirH remain, dicM? are riui^ily i»ver m*!tlef# of Kale 
' At\d f^k, ralhef than diffCtinn th^ ^^bbal ilitnate i<5 influent td by, 
^dl4f f lu^. cluUilinr^^, COj, airbiirhf parHi Ir^, ^ert ahd mttf^ct trtti- 
I>er4!ufr, ami the reflrciiyiiy of the e^rth^ surf^ir (aHfedo), among 
iilhef thi^nu* Many of thei^ff jniefdct in vvay^ that are not erilirely 
tnidi'fWhKHl \€\ at Ir^M ^mni^^h ki^vvn ^boui global clim4lle 
'ph#na!ijf to a^^ign ^^mn af prob^^bility to v^fiaui auicamei. All 

the most widely actrpfm itiixleU tlitnaNr behavior pffillct thai ' 
continu^tJ ^ru*vih in annuipheiiir CO^^ ^jill irurcA^r the pUnri's 
iiufftitf* lempef^ture ^ ^ . 



It 11 iomrtimf* argm^ th'^f iuffici#nf iimpfMmy th^MCf^ffW?* fur- 
rem knowkit^f i>f C Pi th^f nnthin^ thouW N dpn* about fh*,f*roh- 
I*m for ihf ^Nng Tbf - N*tu>n^(; AiAclemy of Btlfncff f^ptifl 
ch«f,li|pri#<^^ th* poifniial .tnns#niif nif of ^siifh # rnon^pfijjcy in 
ii^l^ m^t^ Unf0llyM{#iy^ H wlft lik# ^ milknnium for ifeg ififf;ti 
nf 4 cfhhify of ii^f nF fu^^sif fu^U to ifi^^ljMf? If th? elffhiorf i% prnf- 
pomd unlif ihft mpMt iif 'm^n m^il? tlimntp f h^n||fi h^^ bffn filf» 
fhf n, for ^11 (^fmHcIi pufpn^^, thf dir iviil #(r##idy have btf n c^*f/ 

ThU *v,irmin^ phpnamfnc^ft i*^ gfrirfally rffffffd to ^% ih? grNn- 
h«)U?# tf(ul U is r^liiJY UndfriltXKf. E^ch d^y, ihc iffrih reif ivr% 
fnormmi^ amviunt of enrrgy from the ^un The pUiftl m\ni r^di^fr' 

I Th# iv^vfirngih i)f -tny fadiation dcfH^nd^ uptin lh# ffmpf.f^tur^ of 
th# f^di^llnH bc*ly Th^^vfry huf^un givcf uff ridi^tjnn iff a ^hort 
iv^vrlcngik ifvhiW rhr much £00% r^rih r#iiyf«$ wt^^^ m hmmt 
wavffcngth^ Oifbon dici^id^ If^n^p^rfnt to ?hpft wa vcf^fmth^ Hift 
nb^jrhi certiin lun^ waVef^ri^tht. if^ liijmg ihn^ Mi^n nff by ih^ 
Tiifrh, ibViis tr*«ppinK th^ h^'ai Th^ CJQi iMif w^rmrd up by 

thf abiurtard f n#f]^Y. #fid fffadtjilp^ pift of tt harfc tn ^arfb Thi» 
ifufr^^c'-^ ih^ ovrf^Wl Irnipr r^iuir uf ibr r^nh^ ^irrtufpbf rr, If 4^ 
Nh?v*^d thM i\w f^nh mntkl W ^buut 10' C tmilfr if ttwrr j^fe nn 
C O2 f n lh# ^lmn*pfif^ff " . . 

. A duublin^' uf liiiirio^phcnc CCJ^. ^iiuurding hJ the Nj^i^jf'i-il At^demy 
$iH\ oilirf ^hidifs ^oiild If^il hi AH in< rf m *vFr?4fv' fJ«^b^l fpfn- 
p^fjlurr nf hfiwfrn I 3" Ami y C Af fir^l j?Unrr thj^ wtvuld ^fhi^ 
fiilhrr irt^lH*^»^t^^^^^ ch4f»^:r Muvvrvfr, ihj^ ^ivrr^H*" ^hifl in gb4'*il 
lrmf»f fAtiirf wouM fuM br iinifinmly dialnblitrtl tjvpf M ffgiofi^ In 
piiUf ff^ion^. I Of pA^mpU. I hp imp^i I would b# MVff^l lim^^ gfi^4l#f 

ih^n ihf ^lob^l ^s^l^gr -^A Inok ^1 thr world ^ tliTn^fk hi^lnry pUif^ 
C diiff m l»^Hfr prhp*'! fivT IWlwrr h, ih^ pf^k <>S th^'U^f nl^fci^l 
|?ffitid iaO,CH^ In iodfto yr^i> ^^u) ^ml lb? j^^k ifw' iUffilV! = 
wjfmrr intrrgUnjl pfriinJ: tf^rj^r^n t^rnpff4tiifr nf the mt^n rti%r 

r jioj th^ fne^n global l^^m^^^irc vv^rmrd ^'^ C nurin^ fhr 
j(bcul is'fkHl fhif'M^* Ifv^I %v^^ tqii^^ tlMn 100 fmiff*^ lowf dian M 
hoW" Ihr wfdf coiUinrnt.d ^hfti fbifeJ|^ftdef^ ihf r^^jf hm^I of Nurlh ' 
Amrtie^ dry bnd Whrn fhr ^^^^^ irr mrltrii, fo^f f t4d 



clfifs bffn buih irt whi( iKeil cc^slil aiea*, ihty would nqw be 
'tubfiifT|ied If fUing gl6b«l ifftt^f^iuw In ihf yeaji ihe^d t^Uif 
jl wMf*pf€Atl mtliing t*f; pi*Uf 'ic#. the world'n ocfin^ will fi#f 

ProfffiPfif 1^ II. Merter. iM'iin lifUcle pujbli^l^^ In the Brllish scifntlflc 
journil Nfl^wffi conifnds ihal m^jor gca^leVfl dtspidcemenU maybf' 
unavoidable. A ilng(f duublinij bf atmn§pheric CO2 could, h# bf- 
Jttvts. pfiull in 1 Mpid dcgUtijtU^ ijf W#^| Antafclka /^fhip. In turn, 
u kl le ad to a \ I v^_- me te r r he i w Je y e I , co vf ri n^ many low* ly I ng 
land affai, including mucH of Floitdi, jb* Nethprlindi, and ihi prln- 
^ cipal riff^grnwirig riyrr drlf«* of iA^lA. A 

tevel WouM ptr^ably nar br uniform ill ovcf tlii wufid, jr iVtfage 
incrfaiNt of five meters would /nosi likfly (nyiitfate the major coaiul 
citie? and would rrdure the earlh'^ Und sufl^^/r.^l a time wnen popu- 
Uffon prettufe^ are cilling for moire |jnd-n^^ : - 

Before the world * oteah* rl^e dfamaMcaHy/an increase In world leni' 
peratuff wwW glpb*! \mA tu^utHon^ Riinfall oaUeilsi coukt 

whift, regliinal temperatures coukf §oaf, ^and the workl's delicately 
balanced igrituttural sy^tesn woulJ undergo . c^snilderablf change. 
Some larKl ftiigbt have to be abandoned, while other Jand— of un* 
kwwn qutlity--wouy have fo be ffclalnird. Eielsting Irrlgatiort and 
drainage *y«tem^ thai aKt billions of dollar^ wotild havf to be changed 
to feftrcf new fainfall patterns In A«la, where over h^ If the world's 
people" live, ^ierfacfd if ri^aUon iyitcms fcpretent the investment of, : 
cenlufir* of hurn^n labor, Afdifferrnt rtnp^ might be grown In some 
ar^ai, dif ferrnnnffafirucfufes would be needed to process and market 
them »^ . 4 " . 

The wfX Miobal rffetf \% impo^^lble to prriSlict Some region-^ would 
dearlv suffff advprse efffcts; pthers might find their lot improved* 
- Oul the pfoceis of changr it^lf 'wouU be for luous and coitly in lef mi 
of human life. The emt^Hng agiiculfural *yitem has very fiille viatic 
capacity and u it clMtf ly fitltHf f« the tlimate that haf^inevaitrd f^r the 
1^41 ^vrral thous;^nd yean Any alleralion In tlimate wiiukl be dip* 
rupljiVfi. lar^e ellm^fic charrges w)^ 



of utmosphtric CO2 couy retuR 
\ inarapidd^biciatton 
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HistoricaHy^^ifu from glacial to intergladaj perils havfe "otcujred 
over thousands of years. The world ig now factd with a4oubling of 
atmosphtric CO2* with Iti. poisiblf attendant climatic shifts, in 
roughly SO years; And that, theoretically.^ould be ju,st the beginning. 

: Although the combustion of the world's proven oil and gas reserveSi 
would not be jikeb^ tq cause unacceptable climate changes/ coat- 

^ burjiing, poses, a greater threat. If the entire global coal reserve were 
to be burned, atmospheric CO2 could increase^ etghtf old. Burning (he 
world'i shale oil supply could result in a still greater increase. 

In fact, however, It would be wise to avoid even one doubling. The 
atmosphere already 'Contains more CO3 than 'has ever prevailed sine? 
the ievolution of- Homo Bapiem,^ If it is arbitrarily assumed that 
cumulative atmospheric carbon diokide from human sources should 
' not add more than JO percent to the preindustrial level of CO2, then 
modest growth in the use of fossil fuels CvOuld continue only through 
ihe end of this century, after which fossil fuel combustion must A- 
cline rather sharply. Moreover, because of the rather long lead times 
ne^ed to convert from one energy source, to another, a decision to 
reduce fossil fuel use swjftly after the year 2000 would have to bf 
made^no later than 1980— an unlikely prospect/ 



ToKic Subitances 



In^the past, the dangerous by-products of manufacturing have been- 
buried on land or at sea, or released at concentrations so dilute thaX 
they appeared t6 pose no hazard. That legacy has in recent yeati 
corne to haunt us. 

In the community of Love Cartal, Hew York, for example, 200 Homes 
were boarded up in 1973 and the school was closed when an unusual 
number of birth defecti and persistent illnesses were discovered in the 
area. During the forties, the Hooker Chemical Company had dumped 
tens of thousands of tons'of toxic materials, including mirex, lindane, 
and dloxin, at various sites near the town. For three decades, people 
built houses, worked, and played in the area, but today a deadly cock- 
tail of chemicals is seeping' toward the surface at IS dumps in that, 
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.one New York counly alone. Simifaf probleniB are erupting at .other 
sites around the world.** 

In late November 1978, U^P< Erivironmental Protection Agency (EpA) 
Admimstrater Douglag Coitle .announcey that therC: are about 
J2,p00 potentially dangerous chemical, dumps throughout the United 
States. Of ^these/638 are .thwight to possibly pose "significant im- 
minent hazhrd to human health," Costle "estimated that^ 80 to. 90 
percent 'of the hazardous wastes currently being generated are not 
being disposed of in ways that will meet forthcoming' health and. safe- 
ty standards, ^ 

In a sense, the mos4 persistent pollutants are metals. Nuclear pro- 
ponents are fond of jofcing that whereas plutonlum will cease to pose 
an important problem in 250,000 years or so, lead and mercury and^ 
arsenic will be around forever. And, indeed, some metals can' pose a 
formidable permanent ha^ar^. ^ ^ 

To fte- sure, metals are widely distributed in the environment; con- 
*sumed in minute quantities, ihey are frequently essential to plant 
and animal health. Some metals, nowever, when, concentrated a^pve 
natural levels constitute a serious threat if inhaled or ingesltd. Heayy 
metak, such as mercury, lead, cadmium, chromium, and nickel, have 
received coitsiderable attention, but other metals can also pose risks. 

Fifty years ago, arsenic was the only metal known ,to be a carcinogen. 
Today, it has been established that cancer can be caused by berynium, 
cadmium, chromium, cobalt, iron, lead, nickel, selenium, titanium, 
and 7inc. As a category of pollutant, the heavy metals are rather 
comp^hensive in their potential attivcks orf the human body. For ex- 
hmple, certain forms of mercury and lead attack the centra! nervous 
system; nickel ^nd beryHium, the lungs; cadmium, the kidneys; and 
antimony, the heart. 

Unlike, radioactive wastes, toxic metals have no half-life. Like carbon 
dioxide, thtfy are removed only through slow processes that operate 
over geologic time. As wastes, they cease being troublesome only 
When they are buried so deep in sediment that they are unlikely to 



disturbed. The most successful control strategy, of course, would be 
* to keep the metals in circulation as useful products rather than dis- 
charging them into the general enyironment. 

Environmental mercury has geyernl anthropogenic sources. It Is 
released in the combustion of fuels and the high- temperature process- 
ing of some minerals; it is a by-product of various manufacturing 
processes; it is distributed widely In biocid#s; and it can be released 
directly from discarded consumer products. Fuel combustion and 
minerar processing contribute an estimated 350 tons of mercury to 
the air each year in the United States alone, but it is often at con- 
^ntrations of . less than one part per million in combustion gases, 
Technology lo.control it is thus difficult to design. 

Mercury is used in a wide variety of manufacturing processes, from 
the prodiiction of electrical equipment to dental supplies. Worldwide 
mercury production is about 9,000 tons per year. In 1976, less than 
10 percent of this mercury was recycled- in the United States, the 
EPA estimates that more than 70 percent of the mercury used each 
year escapes into the environment.^* 

In Minamata, Japan, which has come to symbolisie the pollution 
problem to many people, a chemical plant started using mercuric 
oxide an a catalyst during the forties-dumping la^e qunntitigs of 
mercury waste into the local bay. Marine organisms' converted this 
mercury into methyl mercuric chloride, which worked its way into 
the fish in the bay, and then into the local diet. An unexplained 
neurological disorder was found in the area in 1953, and by 1956 
this affliction had reached epidemic proportions. In 1959, Dr, Hajime 
Hoskowa, a chemist with the offending company, determined that 
the plant's mercury was the cause of the disease^ but the firm did not 
reveaj this evidence for a decade. The mercury durnping continued 
until 1971, Now more than 1,000 victims have been certified, and 
the total may eventually include anothpr several thousand." 

Mercury is also used in many biocides, ahd is thus distributed widely 
in the environment. Occasionally, human error can lead to catastrophe. 
In 1972. a large quantity of seed, grain that had been intended for 
planting and had been treated with a methyl mercury fungicide was 
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distribute to Iraqi villaSers. Some fed it to farm animals^ and others 
' uspid" it Iru^bread. T he ioU was staggering: 459 people diid and thou-, 
sands SMffered a variety of afflictions,^* 

Another heavy rhetal whose dangers have been remarked upon 
since the days of th^ Roman Empire is lead. It has long been rtcog- 
nized that large quantities of lead, especially if. ifigestedi; can lead to 
major disorders and even death. More recent evidence shows that very 
low concentrations of lead, particularly in children, can adversely 
affect enzymes, various organs, and especially t^ie nervous system. 
Now that lead has been eliminated from paints in many countri€sr tJtei 
greatest problem is ..that posed by atmospheric lead. In industrial 
countries, the main source is the use of leaded jgaspline in automo- 
biles. In the United, States, for example, more than ,98 percent of the 
atmospheric lead comes from the combuition of leaded gasoline. A 
typical car emits from 2 to 4 pounds per year, and the; country has 

"^roughly 100 million cars. As; ^ternatlve modes of transportation be- 
come popular, this source of lead polluUon should diminish dra- 
matically. In addition, during the tTahiitionHv period wh^n gasoline 
is likely to be mixed with increasing percentages of ethyl alcohol and 
marketed as^l^afeohol/' the situation will improve. Ethyl alcohol 

^performs much the same octane-boosting function as tetraethyl lead.^^ 

Arsenic is widely appreciated as a poison when administered in con- , 
centfated doses. But it also poses risks when emitted in dilute streams 
of ponution/ The Anaconda Company once captured much of the 
arsenic in the smoke From its huge copper smelter in Anaconda, 
Montana. But in 1971 the market for this bv-product disappeared. 
iOver the next five years the company poured aoout 12 tons of arsenic 
a day out of the worjd's tallest smokesiaek^a SSS-foot spire visible; 
20 miles away. In 1975, the surrounding county was found to rank 
ninth in lung cancer rates in a nationwide survey by the National 
Cancer Institute— a condition that doubtless reflected long eKposure 
^ to ^he pre-1971 levels. The rate may rise even further vyhen sufficient 
time has elapsed for the emissions of the seventies to have an im- 
pact. The, company has since dramatically cleaned up its emissions; 
without a market for the arsenic, however, the captured toxic metal 
is now being buried, 




Perhaps the moit serious problem connectfd with the 

hflivy-rnftal tmisifons ittms from the fact that they cbmmonly enter 

the air tiny particles. Particulates in the submicron range art not 17 

* affected by most air pollution control technologies. Once emitted, 
they ar^ barely affected by j^ravity, but are eventually removed from 
the atmosphere by rain; It nas been found that heavy metals consti- 
tute a dis|?rop6rtionate percentage of the small particulates emitted 
by coaMlred power plants. In effect, the most dangerous trace ele- 
ments in th^ coat qondense preferentially onto particles too small to 
be effectively cqjjtrdlled by current technology and against which 

, the human respirat^y iystem has the poor - 
problem that currently has no solution except In the r^uction of 
certain human activities.^ 

The. problems posed by toxic metals are serious. The benefits derived 
froin their use art similarly great. The task'today lies less In design- 
ing hew pollution-control technologies than in constructing an 
ec^onomy In which these valuable materials are not thrown away to 
wreakXhavoc. If products were'deslgned to be reused and recycled 
instead of thrown away, less metal would be used overall, and less of 
what was used would be^ released Into the environment 

A variety of nonmetallic toxic substances can also pose serfous.prob- 
lems, Of particular concern are those having a tendency to become 
concentrated through the food chain. One of the best known In- 
stances of biological amplification occurs with tl^ insecticide DDT. 
When DDT is sprayed on an area, it remains potent for a long period, 
During this time, because it is readily absorbed by living organisms 
it can work its way up the food chain* When Ingested by an animal, 
U tends to accumulate in the fatty tissue instead of being excreted. 
When one fish eats another, most of the meal Is digested and then 
excreted, but much of the DDT is retained. Ai small fish are eaten ^ 
by Iffgef ones, which in turn are finally eaten by birds, the ratio 
of DDT to body weight increases steadily at each stage,^* 

At high concentrations, the chemical impairs reproductive functions 
in birds, causes liver damage, and results in neurological disorders. 
Dramatic reductio;is in certain bird populations during the fifties and * 
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sixties vyire attributed to DDT, and the fact that U icciittuilatei in the , 
. _ fatty tissjue of human being! became a came of Increasing concern. In 
13 1962, Rachel Carson provided a critical fxaminatidn pfl the ecologica 

effects of pDT in her book Silent Spririg. Jts exafnmaiio of ecologi-. 
/ cal interdependencies 'provided one of tne^ earliest exposures of ' 

public to such thinking.^^ \ 

Pplychlorinated. biphenyls (PCBs) are a family of chd 
long been known to be dangerous, and tHey,^re thi 
the environment only in very yilut# forms,. More 
PCBs^have been manufactured. Different kinds ha^^/cUf fere 
erties, and are used In products ranging from erectyical insulafors aftd 

Plastics to pesticides and' hydraulic fluids. It is^nof clear , vyhich 
CBs pose serious dangers to humans of at what levejs'these dangers 
become acute. In 1968, some Japanese rice oil was contaminatea by 
PCBs that accidentally ieaked from a heating system. People, who ate 
' the rice oil suffered, skin ailmentSi liver damage, swollen arms \^nd 
legs; and other symptoms. About 1,200 cases or PC)| poisoning vyere 
reported. At about the sanrie time that this PCB^aused diiease ap- 
peared in japan, worldwide testing for DDT, unexpectedly disclosed 
concentrations pf PCBs In many places, particularjy in marine "life. 
^ Because PCBs are very stable compounds tnat accumulate in the fatty 
tissues of organisms, t^ey are capable of extreme bloamplificatlon. 
By the time they work meir way up from'microscopic creatures to 
large birds and carnivoroifs sea mammals, wrth a ten to lOO-fold 
magnificatior) at each step, they can be coricentrated Aeq^mijlion-fold 
over their levelp in the surrounding water. In recent yearS', strict stan- 
dards for allowable PCB levels In fish have ^een iel by several coun- 
tries, and^^me areas have banned fishing- in highly cpntamlrtated 
waters.^0 



It Is a cruel Irony .that large expenditures on water pdHution control 
were made before PCB contamination was known to constitute a real 
hazard: expensive facilities were built that were ua^iable to remove 
PCBs from the sewage discharge. When commercial flshmg was 
banned In the Hudson River in late 1975 because of PCB fears, more 
than $3 billion had already been spent on sewage treatment plants 
that were not designed to remove these material^ Similar problems 
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have surfounded the discharge 5f other ehlorinlled organic com- 
pounds, including kepone and.mireK, that have rpcentry Been found 
to be hazardous.^^ . 

The routes, that various CQntaminants follow through the living 
ertvironment are not well-undprst When DDT was first used to 
kill harmful or an,noying insectp/ no one could have prrficted that it 
would eventually threatehThe existence of whole Species o| birds. It 
has^ become clear that a simple evaluation of the tbxicib^ of a dilute 
pollutant in the air or water is an/inadequate measure of its environ- 
mental Impact. Serious attention muBt also be paid to the pathways the 
pollutant will follow through Various chains of life/ and of the poten- 
tial for significant increases in its concentration through biological 
amplification. . ^ 

The moderh international industrial market allows a new material to 
be invenled, manufactured, and sold, in Jarge quantities around the 
world m a matter of years. In earlier eras, fewer products were intro- 
duced each year, production volume grew relatively slowly, and the 
products werp first used in limited regions^generally near the point 
of manufacture. Hence^ the chances were greater that if a new ma- 
terial was harmful, the threat might bei^W|cted before a worldwide 
market developed. Today's world is more dangerous. 



Nuclear Wastes 



Every light bulb lit by nuclear power bears a cost that does not show 
up on the consumer's utility bill: a dangerous by-product that will, 
need to be'^guarded for thousands of yeats. No country has yet found 
a permanent solution to* the probjem pqsed by nuclear wastes. Indeed, 
much of the mounting international wariness about nuclear energy 
derives frbm a growing public recognition that, after a quarter- 
century of nuclear power, the waste issue remains unresolved, 

Spent fiiel is the most hazardous type of nuclear waste. As a reactor 
operates, fissile atoms are split, yielding' smaller atoms known as 



f*fifsion products. After about three years, ehough fisiion producti 
hdve accumulated in a conventional llght-wa^ reactor that the fuel 
must be chln-ged. At this ppint, the fuel rodi are removed from the 
reactor and stored nearby jinder water until their moBt intense radio- 
activity cools ionrtewhat. Then they are ^Uhgr dispdsed of lifiict or 
they are taken to a reprocessing plant where fissile isotopei are re* 
moved for recycling, 

The' most controversUl element in spent fueJ is plutonium. It is 
toxic, carcinogenic> easily separated from the rest of the fuel by 
chemical means, and capable of being used to fuel reactors or "to build 
atom bombs, A 1,000-megawatt reactor typically producei about 
375 kilograms of plutonium per year of bptratipn. The off icial posi- 
tion of tne/t^t^d States (s that this plutonium should be left in the 
spent reactor fuel and disposed of as radioactive waste, rather than 
reprocessed for use as fuel Plutonium, however, has a jialf-lift of 
about 25,000 years, while the .most inimedlately dangerdus elements 
that would cohabit a waste repository Ipse most of meir potency iri 
a matter of centuries. Thus if tolutonlum is buried with wastes, these 
nuclear durnps could eventually become plutonium mines, On the 
other hand, if the plutonium is fecycled as fuel, the problems that 
would be posed by 'plutonium mines" some ceAturies hence become* 
Instead an immolate threat as this exceedingly dangerous mateTial is 
shipped around the world and bought and sold as a common item of 
commerce." 

Before nuclear power comes to play a significant role in the world 
energy picture, a decision must be made either to face up to the plu- 
tonium problem t^ay or to bequeath It to the future. Since the prob- 
lem will remain serious through at leASt ten half-lives, one-quarter of 
a million years, the wastes cannot simply be burled and forgotten. 

Most of the wastes generated thus far by nuclear pov^^r plants are in 
temporary storage imtiha decision is reached about a safe way to 
store them permanently. Nonetheless, some experience In the storage' 
of high-level wastes has been provided by tht U.S, nuclear weapons 
program. The story is^ not one to inspire confidence. Over 70 million 
gallonp of this dangerous liquid are stored at the Hanford facility In 
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Vyashmglon and the Savannah River facility in South Cafolina: 
There h^v^ been aO major leaks #t Hanford since 1958. The largest, in 
the spring of 1973, saw 115,000 gallons of high-level wastes escape 
Into tne ioil. In all, nearly 500,000 gallons, of high-level nuclear wastes 
have leaked from tanks atHanford and Sya'nnan River." \y 

In add i Hon jo high-level wastes, nuclear power a ^o produQer a liirge 
volume of low- level wastes. While these are neither, as dangerous 
,,riof a*s difficult to Store .as high-level wastes, .they can 'posi problems 
if not handled with a clear understanding of the lai%-tfrm commit- . 
tO^nt required. Tens of thousands of large steel drums cdntaining 
low- level nuclear wastes from Europe and Amerlci- wer# dumped at 
sea before this practice was recognized as dangerous. Many of 
these containers have not withstopd the rigofs of even a couple of 
decades,?^ \ 

A third type of nuclear waste is that of worn-out nuclear facilities, ; 
especiallY power plants and reprocesiing plants/ Subjected to intense 
neutron Dombardment, the materials in such units become radioactive 
during the structures operating life. When the plant has outlived 
its usefulness, the security of its radioactive components must be 
guaranteed. VVhile cost estimated vary, depending upon the level of 
protection that is sought, and. the urgency with which it Is desired> 
the upper end of the range is intimidating. Estimates of the cost of 
decommissioning a nuclear fuel reprocessing plant at West Valley, 
? New York, run over $1 billion. If this charge were to be placed or\ 
the utility bills of those customers who benefited from the pUnt 
during its brief period of successful use^an option not under serious 
consideration by anyone in authority— the result would most likely be 
a political rebellion.** 

This poh'tical aspect of the nuclear-wastes issue is becoming as impor- 
tant a consideration as the technical problems of disposaL Large num- 
bers of people in many gocielies don't trust their governments to 
handle sucK materials, "and they trust private industry even less. In 
November 197S, the citizens of Austria voted against opening the 
already-completed $600 million Ewentendorf ^nuclear power plant, 
despite an impassioned campaij^n on behalf of the plant by the Prime 
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Minister,. VVa&te dilposal wa% the molt prominent issue in the referen- 
dum. Nuclear waste is similarly a hot political issue in England, Swe* 
' den, and most conimunilies located near, a proposed nu^leaf dumping 
^ite. . ; 

In som^ large measure, the technical debate over the relative merits 
arid disadvantages bf salt beds, granite, clay, and other media for waite 
storage is being displaced by a general conoern over prDxlmity. Peo- 
ple, who live near salt formatiom don't want nuclear wastes placed 
in salt, while people who live near suitable granite formations are 
welUinformed about the problerris associated with disposal in granite, 
and so forth. In the United States, a growing number of states are 
.concerned about the rising inventories of spent fuel being stored 
'^rnporarily on 'reactor sites and are prohibiting new huclear con- 
struction until a strategy for permanont waste storage adopted. At 
the same tirhe, a .gre^t many states have expressed grAVc resetvalions 
about hosting" a nuclear-wastes repositoryf or even letting spent fuel 
travel across the statu en route to a perrnanenl repository elsewhere. 
It may well be that th&se inner limits imposed by social and polilicar 
factors will prove more of a constraint on nuclear development than 
the very real technical uncertainties surrounding waste storage,*^ 

Ultimately* there is no technical fix for the problems, presented by' 
nuclear wastes. Greater degrees of safely can always be 'provided at 
erealer costs, but absolute and timeless safety can never W assured, 
while *^ome of the wastes— notiibly fissionable isotopes of plutonium 
and uranium=-Ctin be recycled, most radioactive wastes can onlybe 
isolated from human society in some sort of repository. And the je- 
cycling of plutonium and fissile uraniurh poses rnare formidable 
danger than does disposal of these subslarLces with the wastes. 

If the benefits of nuclear |iDwer are to be enjoyed today, it should 
be with the understanding that some of the nidden costs will be 
passed on to our children and grnndchildren. And to their children 
and grandchifdren. The growing resistance to nuclear power repre- 
sents one of the flrsl times that a large part of the population has 
developed an understanding of an issue of fairness to future genera- 
tions. Many people seem willing to forgo scime currer^t consumption 
in order to avoid pLicing a burden on their descendants. 



Concluiiotis 

- ^ - i- 

Over the pa^i decade, most of the indusirial world nnd much of the 
developmg world h*is grown comforLible with ^he concept of pollu- 
tion conlror U is widely wognizcd that unconirolled pallutlon 
exacts real cosu on healih and property and that cuht-effrctivc in^ 
vestments m abatemenr equipment can yield measurnbie net benefits 
However.jfiome iri^portani poIlutantH cannot be contrQiled by any 
knowri ledTinologie^. Checking these will require fundamental change^ 
m lite^fftyles and common busine^^ practices. It h far more difficult 
to achieve such changeH than it is to mandate filters for smokestacks. 
As a consequence, thei^ are few Success stories ir\*ihis realm. 

One of the very few examples of an adjustment In the econDmic 
lystem to avoid the consequences of an unnolvable pollution problem 
, mvolveH chioroffuorocarban^^. These compuund§ are cheinic^lly 
jncrt. have low toxigty. and have long been u^ed as the working 
Muid m refriKeratnrs and alr^imditioncrs. In recent years, they have 
be^en employed widely as a pro>elKrnt in aeroHol cann tontainlng de^ 
odorants hair sprays, insecticides; and other Bubsiances - An estimated 
three billion aerosol cans using 1,5^ million poundN of chlorofluoro^ 
carbon were Hold in 1973," 

U is generaliy believeil that chlorofluorocarbons ri^e gradually to the 
stratosphere. There, they react chemically with tliu onine thereby 
deducing tlie concentratioii of this protective layer of ^as and alluvviiiK 
more harmful ullraviolet rayH to strike the earth.. For humans this 
translates into a sh^^rp rise in the incidence of skin L^ncvv^ The ef^ 
fects are cumulative, and the longer the chlorofluorocarbon emissions 
continue, the greater the toialMmpact will be. In 1977 the US 
tnyifonmental Protection Agency banned the use of ihr^e Joinpoundn 
h>r rtwiy purposes. However, the integrity of ihe o/one layer is an 
international problem, arid no mechanism other than persuasion v\ 
ists to create a similar ban througho\u the world. 

The response time, at^asi in the United States (which prmluced and 
used moHi of Ihe world s hpray cans), was remarkably uuick on this 
ifisue. The reductiun of stratospheric ozone by chlofofhioroi;arbonH 
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vvai not discuiieU in the icientific (i^crliufr wnlil 1974, and by 197? 
concrete action had beVn Uken, However, the level of *^cfifice 
24 r^^^^ m<d^^i other ^t^rp^o! propt^lh^nH were ^valUbU, md the 
potential BfnciiN were very grear It rcmiiin^ lu be ^efn huw mflny 
other lumuUtive inip*niU df our global clii^mjcAl fxpfrimentatmn are 
dincpvrrcd. .ind vvjial the ttn>omi- will N when more impfrsHivc: lev- 
eb of ^acrif icr arr demdndnl 

The typc^ of pollution **urvcycd in thh p;sre!-CO;. buildup, loxic 
sub^tancf^. ^nd nucleaf \sfMt-^pim fofmidable challenge^ Bui they 
ire less 4 ch.illen^e tu the Kirn^ific And engincrring HkilU of techno^ 
logical pfpblem-^olver^ thart a ^h*illeng^' to our UKial values and ir^» 
!ititii^ior\Si oirr tMpacity lo forAvc^t a course of' developmerit that 
nnivide^ cUsir bcncfiN in the short run by! unaccrptablr ccnti in thc^ 
future, # 

Tho chofcc— njrbjng fossil fuel n^t or faring Inevitable climate 
r changes --is best made^ fruni a >tKMal pi*f*pcrMvc, wish an »nvafer\e^^ 
" that the ishue cut** atroNH ecnnriUiiMi^ ,ind n^itianal bo^drr^, tfi*!? 
geneftUion makjn^ thr cntic^l JecisuTsh^ <m CO2 ^^^H J^^^. h»ue tiijive 
With thr long-term cun^^eviuence** of their pnhrie?^, Knitghlrned 0oli- 
-cieH Cm be **uca*^^fulfy pursurd aniy ihfinigh mnpcr^tive inter- 
naticiml ff forts, involving espetialty the Unite%l Statr^. the Hovirt 
Unii>n. and China. 

The Unitrdi St^iten n by U\t the larg^^i ptmiiurr of CU^, Vrt lt*i net 
contribution in ihe ye^r 2DO0 hOt liKteiv rsC^d 20 fS^TCent of 
the world total tvep if the United i^tair*- ivere 10 unilater*illy wean 
itself froin fo'^^il fueU over the nent tvwo de<%ulf^ four-fiftlv'' '^^f gh^^ 
ha! CD2 prodiKtu^h winild ioniitiue Tlie Bov)<M Union cont^jin*^ 

percrri^iuf the wofM * khiii^n m^i, and China hold^ annther 
percent Biiinu\>^ thi^ voaUwo\ild yijeldyen^rKy h^^^h^Hl^ pd failing to 
Durn it wuuUI Involve Hi^nifirant ^*urifice?. hir both ciuintrii'* 'Yi-I if 

wuulJ priU^ihly bi\ latgc, adversiv and e^^'f'njially ifrevei.^ible^^* 

If the world to avoid turnu^g ifUo gtirenhoii^e. I^^fg*' inyt-st^ 
n»enis mwht Mmn be rtuide to lni:{fAst ^n^*fgy eftiner.H v anil hS dr^ 



itif If f fOfii f qmU fytbw^vff iKr nnt 
two dfcjdiff, fquf'Iftfth* ^ gb^l 
COi productton would 



vfiup fenlw^ble enrrgy rr^ource^ Ir^ partuuUr. It 15 importjni th^it 
biological rnff^y muHt% be rjpidfv brought into a dt^te of equilibria 
um-%o ihit new Cfivpf t^kr enuUgh CO2 out uf the ^tmo^phrfe r^ch 
yr^f to NUncr the COi cmiiied UurmH tl^r rombu^iion of uthrr 
crop^^ An jggrr^MVr rnrrgy tun^ffVdtion ^nd loUr pfogram will 
requii^ (jr gfrJtfr effoM lh4n lurfcntly e nvi^ged even in thoie coUn^ 
Jfje^ that Jrr noH^ pursuing ^uch a pAth 

|uit i| ii impo^^iblc to burn it>4l without prodtjCfn,v^ carbon diotiwie 
it u impcjMjblr to fUn ^ nuclfjr feacior without pfoducinH r^Jio4^ hve 
waUrv Cufffntly a nuior intrf national tonlrovefn' rjging ^mund 
the rmouoft^fly chaffed Kiue of vv^Ur diipti^^i Within tlip tcHhrnc^i 
community^ \Ut dtb^*^ .concerns H\h h H^ut^ !hr br^t tcchnoI^iHy 
for ^luli^ym^ the w^Mr. the hrM iimlium fur kinK^irrm ^lor^iHr ^nd 
ihe bfnrfiu Ami t%%k% ut rnvTimg plutomum Howfvrr. miuh ot thr 
pnf ral public is unmlf rt^led in the tubtl?fif% of ih? mm They 
know only th^t ^ dangeroiis breiv i*. .brinn totu tH ird th^t muM br 
contained uhly f,.r thousands of yr^rv 4ml Ukv havf Ijirle faith rh^l ' 
e^utini^ itKMi mMitutiun* are ctjujf lu the t4vk 

The genrMl public m^y br clti-ifr^to the heart of thr hmip ih.in ^rr the 
e\pertii The lrchnologic^4 flVment^ of the debate ^fe^^^rf to mI^ 
dreif but probibty Icm imporjjhl. tlun the siHi^l dimemions The 
cfuciJl qufifton involv^^ the likrlihood of 4 hinh degree W interna 
Uotuf f^KMUnd p<ilitic«l i.tability for nuny thoiH^nd^ ol ye 4rV iJnle*^ 
people arr w.llim^ jMy iheMprkfi fh^t niih hUbiUiy implic^'jifoW^ 
biy an unprecfdrntfsi degree of intef natimul iiithorn.iri,in control 
^^If Waitri pu^f * thr^l that for all pi.wtical purpo^r^ is withoiil 

Th^ hh^^d C4(f|ory i)f ioxu: Mjb^tance-i rmmni^A^^-.m ^ w^Jr v^^ 
fUly of makiUU Muu oj^ iheth %eive inrful purpo^r* but it nn*. 
i^fd. they II dAr\ger/;J}ir^d in a lead kid batlerv tan help More 

«^Wriclty, hut if inKeitnl'lt can cau*e brain damage The ohective 
with toxic ^ubiiaiup^ i^ tu apply ihein to tonMuu l^^* puroo'.r* with 
uut ^pewmH themUnlb the i^enrral rnvitonnierti \ hu van be Uchievrd 
=y^ J?^;J reHuUtory priHe^^en %iuh a^ iho^e^MnamhMHl by the 

^fj^^^Ioxic .nih^tanift Cohtrol Act ^»meiiine^ iompliarHe with the^e 

Or- 



rrgubUHyjf.fi^iirrrnrnh UjirTV «»ufHctrntly tOHlly fnf whole nuw 
approac'nf H fii /^H^^fgfbblern to suddenly bt^como pr^clic*il Tht* cos I 
' i^^if^t^WVfi^ ik^ wnHtc^. fur cxjmpU, eould miike 

it l^p^^^u^t5x^to reduije tiie stftMmH by ^ep.ir.iN 

ing *mjl^^^^^ more uf ihr^r ^ub^i^ncc:* back inro pri>ductivp usoh. 

Ct*n**idrr thf Cis^il^fi^^f ^^^awcr p!^nt^s.^the United Slnlph Ipl now 
produtr ^l^iHU 60^ jjfiCitMjy to suli^ W5$lc c^ch ye.ir 4^ /niHluyU, 
q I a if. .; pp i o h t r o! T h i ni at t f r n I in c u f r e n 1 1 y d i ^ po ^ ed 4k i n p i t s , 
.^^fyridv imf/lAriiifiiK for abaui $2\.i ton. About 13 perccnl/of fly 
'\4^h captuied dufin^ the burning ht the co^l in usea direcily in civi] 
i'nginiH'nng prijjivi^—rnostly ftSid %uildin^. T^te^^g^ _yy' .i h t e^\ j;An t^ i n ?V 
b ri I *s d so r I e n I of h tvi v y nu' I *i U , huTRW h r"fl n d car cm uge rW c twd r o - 
carbon'* If ihi^ nuilrrial \^ iiaHsifieti h*u*udsni% wjhtt by bhc^EP A,^ 
AS ruHv srenT* cniite pit^^ihle. !he cost of dinno^al will >Oiif tcrahout 
S90 d !on. and uifeil ii^f, iji ro^d building will bo prohibitrd- Thf rost 
I'if disposal wuuld then: fxr.irlv eqiiiit the co^t of tne fuel Evun if the 
%v4stcs .ut! niJt dermrd hnriitJous, the lu-it of dtspobid if 'exncCted to 
rise to .ibout $10 pet ton just tt) nieer current difipt^al ^tari^afils,*^ 

today, bt'tausc di-'pm,*! arr nut high, uiflitirs tend to buy 

ihfovvaway rubber systems that produce lots of idudge, If ^ludg^ 
tlispo^al gels very expenMVc. hoivever. utilities ate likely ki,>|iJtJfchii4i* 
motr iO*itly feg^heriifivc^iscfubbrrs that produce r!em|ntai -sulluir 0 
sulfuru acur And^ if th?^ C4r<*t of waste disposal g^'^'* to >J^PC) a H 
will brt iifOf* ailf ai Uvr fin the utdity io "minpV Ae *»Iudge and l^jlvv^,. 
Si*hd^w,^ste ir^idurs to lecover pottmtially yahiablc maiertals ^(Hs^v 
wi^uld i>therwise be piMfntially dangerous tonl^inuhanlH. InHap^^^ A, 
law erUitJed ihr C unipen^ation of . !^^lh!tic>n'lielaled Health Dam- 
age inlertiah^e-* the co^t^ of poUuiion throug^h er^iHsion charges 
teviiil on pidlutetN Tens o^ thou*^ahd*» of; people a[i; cornj^cnl^ated 
funn these Uifuls lach year lor pAllutiOnMiuluied illpe?mew; If the 
coturpt couLl be brna*.le?^ed to etuoinpas'^ lliO it)s|s of all eiiyitoiunen- 
tal ilarnagr anil was applieil inteinalk)n\illy, die effects 4 0uld be 
ilf iunatu «* • ^. . 

M»U>v of ihe^e new poUutuHi issues gain a timipelling iffuHifiance 
only when thry an* lon^adcred over ihe K^ng term l lu* worUl will be 
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. ^ ...... ^ ' , . 

^lllllf a/ficM ^by Ihe CO^ fium next pr'^ (disij fuel coipbusiion; 
ixctp^t 1% it !t,p^fl of i ctt inulaMve to^ital Ih^l Ipans sov^^r^l rftc^de ri, 
TKt probteMniS iw|iprt4iit fci^llk iidlfficull Mpersuado ^eple tfcii il 
Is .Uf sent; Molt -poll^ forced by ^licumstancc^ into shorts 

llght^ntss. Corporate mfs^im m g^ycrn^il by anhual proflt-iinrf^ 
l0«i siUtctn^nls;. follti^l^ni Iwvr - rllfft* lii>r#Ei)a that eKt^ndi th4 



19 emph^Uecs prmmt n\\k^ md dlscCTitnii (iilure cm% that 1 1 be- 
come dimetJlt to piy lefbwi atte^nllttn lo lh#«bs- term ill cffeclS Dj( 
V pday Neci^lons. Yet ti(iy!P alleralldh i i pd^ Id all the ^ 

hitanlscan G^usp «vef tliclr Jlfcllrrpci, cu rreiti Inveitminls irt pollullon 
contrQl are My io brlnaidcuu^ie. S^inHirniEi disaB^^ create ifie 
n^^^^ry p^llc jWflr«nei#. The imrc*ify p-olioriing of more, iliars 
loop people In Mlnann,i(j, Tapm. created a w^ldospread aw^tenesf of 
Jhe h^vy*»MUl ^iubl«^tti, T*-ie fo«^d ev-^eustaort oF 200 famlllei from 
love, Vanal, Nenr YDrk, firt^mise^ lo ^rlng ilinllar altension to the 
Isiueofdumpsor haiardou§ waitrt 

It sO€iTis^ru4 however, to dope rid up-on tr^ijjdlo^'^ to prompt pro- ■ 
ijrm bpmetjnie^ clher tscari be ^fpl^^d lt> dchlev^e tho ^.tme 
IrOiiiJ *duca timuTcbJcc tNi. Muci^ ofiiMlnlii^lalteritlon thatdoQUted 
Ihc ArfiDfican 5|T iilrcr,ifl w^s gertCf^Ued by E^rlli D^y, a ri*itlohvvlde 
^nvlrorimcntal dav^ of concfrjfn In 1970. Q\hmt \n^e% ranging dm 
^ ^hf to civil rkjib tofarinp^lky. Hive been c^|,i|nilt^d (o i^fomlnari^^^ 
toy ofginUcd tve:n|s. UnIM M^llonH wnf^rdttces m\ sometime 
focui intcmatioii4! liter^ilors gn jgl^obal i^iiiesv MhN. mnf^tmc^ on 
the carbon dioxide problem -mlm Nirf pr^\\(m that vv^ould boost 
. ihepriarlly Hfv^f\ tliiiis^iiclft mariv- l,indw. * 
■ ; ,, * ■ : ^ ■ ■". ^ ^; ■ ; , 

E^ng^tertTi, mvliiW^ l^lfft dlffic-ilH fes attention upon, 

byl it can be dm^. Lifs^Myl^e diat^p, a industrial 

^rp^^s are difficult to pranpto^ jut nurierliefe they ^an occur. ' 

•wVhehi jJoliutameFfrtli arrcviiiuiU.tlve, tim Mof th^ Delay 
rtay iMd to iriiver^lble dimage. B^ner lato^illic mHlcctea dim^n^ 
scions or th? pollution problem will K m be a^ilfPBsod. ^ 
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